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httpOutcome after interposition of vein grafts for
arterial repair of extremity injuries in civilians
Josef Klocker, MD, Andreas Bertoldi, MD, Bernhard Benda, Lukas Pellegrini, MD, Olaf Gorny, MD, and
Gustav Fraedrich, MD, Innsbruck, Austria
Objective: The objective of this study was to report on immediate and long-term outcomes after vein graft interposition in
patients with upper- and lower-limb arterial injuries.
Methods: In the retrospective data analysis, all patients who underwent vein graft repair of limb arterial injuries in our
civilian institution since 1990 were included, analyzed, and followed. Study end points were crude early and long-term
patency, vascular reintervention, limb salvage, and perioperative death.
Results: A total 152 consecutive patients (127 men; median age, 31.7 years; range, 5.3-77.2) who presented with 158
lesions of limb arteries (lower limb: n [ 90; upper limb: n [ 68) underwent repair with the use of vein graft interpo-
sition. The vast majority of lesions were caused by blunt trauma (n [ 144; 91%). In early results, the 30-day mortality
rate was 3.3%. In-hospital limb loss rate was signiﬁcantly lower in the upper limb (n [ 2; 2.9%) than in the lower limb
(n [ 12; 13.3%; P < .05). Primary early patency was 93% (upper limb) and 89% (lower limb): early graft occlusions
occurred both in the upper limb (n [ 5; 7%) and the lower limb (n [ 10; 11%; P [ .59). Occlusions were followed by
amputation in six cases (upper limb: one of ﬁve; lower limb: ﬁve of 10) despite successful revision of the occluded grafts.
Long-term results after a median follow-up period of 6.0 years (range, 0.3-23.4) showed upper limb (62% of patients
were followed): no late limb loss, no vascular reintervention; patency: 97.6%; lower limb (66% of patients were followed):
one late limb loss, one redo bypass for vein graft dilation, patency: 98.3%.
Conclusions: Emergency repair of civilian artery injuries with the use of vein grafts is associated with considerable risk of
early occlusion and limb loss. When compared with the upper limb, limb loss rate is signiﬁcantly higher in the lower
extremity. Early graft occlusion is frequently followed by limb loss, especially in the lower limb. During long-term follow-
up, occlusions of interposed vein grafts, vascular reinterventions, and late amputations are uncommon. (J Vasc Surg
2014;59:1633-7.)Repair of extremity arterial injuries is traditionally
accomplished by direct repair or patch plasty, and, in the
case of more extensive injuries, by use of interposition
grafts. In general, the extent of damage dictates the
method of repair. In the case of blunt injuries, arterial le-
sions frequently involve long arterial segments, therefore
increasing the rate of repairs requiring graft interposi-
tions.1-5 Similarly, extensive vascular lesions seen in military
trauma frequently need interposition grafting.6-9
Regarding graft selection for repair of arterial injuries in
limbs, autogenous veins were traditionally preferred to syn-
thetic grafts because of high patency rates and low inci-
dence of secondary graft infection.6,8-11 However,
outcome analysis of vein grafts used for arterial repair in ex-
tremity trauma is frequently hampered by low numbers ofthe Department of Vascular Surgery, Medical University of
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and by poor follow-up rates and short follow-up periods.
As a consequence, we analyzed our own experience with
vein graft interposition in patients with upper- and lower-
limb arterial injuries in our institution, a Level I trauma
center, during a time period of more than two decades.METHODS
Retrospective data analysis. All patients who had un-
dergone repair of upper- or lower-limb arterial injuries in
our institution, a Level I trauma center, since 1990 were
reviewed. All consecutive patients who underwent arterial
repair with the use of vein graft interposition were included
for further analysis and clinical follow-up studies.
Analysis included evaluation of demographic parame-
ters, mechanism of injury, location of arterial lesion, pres-
ence of concomitant injuries (nerve, bone, and/or joint),
and details of arterial reconstruction. During follow-up,
which was not based on regular visits but organized as a
single checkup visit of all individuals, patients underwent
clinical investigations including ultrasound to check for
patency and to analyze diameters of vein grafts. Primary
study end points were early and long-term patency. Sec-
ondary end points were vascular reintervention, limb
salvage, and perioperative death. According to our institu-
tional criteria, this retrospective data analysis did not
require approval by the local ethics review committee.1633
Table I. Details of limb loss (early or late)
Patient,
No. Location
Previous
graft
failure
Graft for
initial repair
Day of
amputation
1 Popliteal No Ispilat. GSV 92
2 Popliteal No Contralat. GSV After
>3 years
3 Popliteal No Ispilat. GSV 17
4 Popliteal No Contralat. GSV 3
5 Popliteal Yes Ispilat. GSV 18
6 Popliteal No Contralat. GSV 6
7 Popliteal Yes Ispilat. GSV 10
8 Popliteal Yes Ispilat. GSV 24
9 Popliteal No Ispilat. GSV 36
10 Popliteal No Contralat. GSV 5
11 CFA No Contralat. GSV 149
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injuries, especially head and neck injuries as well as thoracic
and abdominal trauma or multisystem injuries, systemic
heparinization was routinely used: patients receive an intra-
venous bolus of 5000 IU of unfractionated heparin before
arterial repair and were given continuous intravenous
unfractionated heparin infusion for at least 24 hours peri-
operatively. Later, before discharge, all patients were given
low-dose aspirin (100 mg per day) for at least 3 months, or,
in the case of signiﬁcant concomitant peripheral arterial dis-
ease, lifelong treatment was used.
Statistical analysis was performed with the use of
descriptive statistics. For comparison of categorical vari-
ables, the Pearson c2 test was used and considered signiﬁ-
cant at a value of P < .05.12 SFA No Ispilat. GSV 6
13 SFA No Ispilat. GSV 1
14 SFA Yes Ispilat. GSV 17
15 Brachial Yes GSV 10
16 Axillar No GSV 1
CFA, Common femoral artery; Contralat., contralateral; GSV, great
saphenous vein; Ispilat., ipsilateral; SFA, superﬁcial femoral artery.
Location of injured extremity artery, previous vein graft failure, graft used
for initial repair, and postoperative day of limb loss are shown.RESULTS
A total 152 consecutive patients (127 men; median age,
31.7 years; range, 5.3-77.2) who presented with 158
injured limb arteries (lower limb: n ¼ 90; upper limb: n ¼
68) underwent repair with the use of vein graft interposi-
tion. The vast majority of lesions were caused by blunt
trauma (n ¼ 144; 91%). Mean Mangled Extremity Severity
Severity (MESS) score was 7 (range, 3-11), and a total of
68% of the patients had a MESS score $7. Arteries injured
included lower limb: common femoral (n ¼ 4), profunda
femoris (n ¼ 1), superﬁcial femoral (n ¼ 12), popliteal
(n ¼ 57), and crural (n ¼ 16); upper limb: subclavian
(n ¼ 9), axillary (n ¼ 14), brachial (n ¼ 35), radial (n ¼
7), and ulnar (n ¼ 3). Accompanying injuries of nerves
and/or bones were frequently seen. Nerve injuries (n ¼
53; 35% of all patients) included upper limb: n ¼ 27 (40%
of 68) and lower limb: n ¼ 26 (29% of 90). Orthopedic in-
juries (n¼ 118; 78% of all patients) included upper limb: n¼
43 (63% of 68) and lower limb: n¼ 75 (83% of 90). In addi-
tion, 19 patients (12.5%) presented with associated head
and/or neck trauma, 14 patients (9%) had severe thoracic
injuries, and 16 (10.5%) had major abdominal injuries.
For arterial repair, vein grafts were most frequently har-
vested from the legs (n ¼ 152; 96%) and included the great
saphenous vein (n ¼ 149), small saphenous vein (n ¼ 1),
and deep leg veins (n ¼ 2). In addition, for repair of
upper-limb arterial injuries, six arm veins were used. In
the case of lower-limb injuries, saphenous veins were har-
vested from the ipsilateral side (n ¼ 59; 66%) or, in the
case of associated deep vein lesions, from the contralateral
leg (n ¼ 31; 34%). During the same time period, since
1990, only eight patients underwent repair of limb arterial
injuries with the use of prosthetic conduits (upper limb:
n ¼ 4; lower limb: n ¼ 4), mainly because of unavailable
or poor-quality vein grafts (n ¼ 5) and/or in the case of
subclavian artery injury (n ¼ 3). In addition, during this
period, a total of 44 patients underwent primary repair of
limb arterial lesions, and 21 patients had patch angio-
plasties. Moreover, ﬁve patients with subclavian artery in-
juries had endovascular procedures for arterial repair. It is
noteworthy that all patients with prosthetic grafts, primaryrepair, patch angioplasties, and endovascular procedures
were not included for further analysis.
For concomitant venous injuries, a total of 19 patients
(12.5% of our total cohort) underwent 21 venous repairs
that were performed simultaneously with arterial recon-
struction. Repairs included 17 vein interposition grafts
and four end-to-end anastomoses. Venous repairs per-
formed in the upper limb (n ¼ 10) included the axillary
(n ¼ 2), brachial (n ¼ 7), and cephalic veins (n ¼ 1).
Venous repairs in the lower limb (n ¼ 11) were located
in the femoral (n ¼ 7), popliteal (n ¼ 3), and posterior
tibial veins (n ¼ 1).
Early results. There were no deaths during surgery;
however, ﬁve patients died within 30 days after arterial
repair (30-day mortality rate: 3.3%). Death was caused
either by cardiogenic shock (n ¼ 1), associated head (n ¼
1) and abdominal (n ¼ 1) injuries, or multiple trauma
(n ¼ 2). Within 30 days after vein graft interposition, a
total of 14 limb amputations (9.2%) were indicated
because of severe soft tissue damage as a consequence of
trauma and/or reperfusion injury. Limb loss rate was
signiﬁcantly lower in the upper limb (n ¼ 2; 2.9%) than in
the lower limb (n ¼ 12; 13.3%; P < .05). Later, before
discharge from the hospital after arterial repair, two
additional patients required limb amputation: a 21-year-
old man 149 days after repair of the common femoral
artery and a 61-year-old woman 92 days after a popliteal
artery injury. As a consequence, within the period of
hospitalization, 16 patients had amputations (Table I).
Overall limb loss rate was 10.5% [upper limb: n ¼ 2
(2.9%); lower limb: n ¼ 14 (15.6%)]. In the lower limb,
amputations were performed in ﬁve patients (of 31;
16.1%) after contralateral vein harvest and nine (of 59;
15.3%) with use of an ipsilateral vein.
Table II. Details of early vein graft occlusions
Patient, No.
Location of
injured artery
Graft for initial
repair
Distal
anastomosis
Day of
occlusion Type of revision
Later
limb loss
1 Popliteal Contralat. GSV Popliteal 2 New vein graft No
2 Popliteal Ispilat. GSV Popliteal 1 New vein graft (SFV) Yes
3 Popliteal Contralat. GSV Popliteal 1 Thrombectomy No
4 Popliteal Ispilat. GSV Popliteal 5 New vein graft No
5 Popliteal Ispilat. GSV Crural 8 Thrombectomy Yes
6 Popliteal Ispilat. GSV Crural 2 Thrombectomy Yes
7 Popliteal Contralat. GSV Popliteal 0 Adaption of graft length No
8 SFA Ispilat. GSV SFA 30 Adaption of graft length No
9 SFA Ispilat. GSV SFA 7 Distal anastomosis Yes
10 Crural Ispilat. GSV Crural 0 Distal anastomosis No
11 Brachial GSV Brachial 1 New vein graft No
12 Brachial GSV Brachial 8 New vein graft No
13 Brachial GSV Brachial 1 Thrombectomy Yes
14 Brachial GSV Brachial 1 Thrombectomy No
15 Radial GSV Radial 21 Ligation No
Contralat., Contralateral; GSV, great saphenous vein; Ispilat., ipsilateral; SFA, superﬁcial femoral artery; SFV, superﬁcial femoral vein.
Location of injured extremity artery, type of vein graft used for initial arterial repair, level of the distal anastomosis, postoperative day of vein graft occlusion,
type of revision, and consecutive limb loss (yes/no) are shown.
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of vein graft interpositions. Early graft occlusions occurred
both in the upper limb (n ¼ 5; 7%) and the lower limb (n ¼
10; 11%; P ¼ .59). Primary patency was 93% (upper limb)
and 89% (lower limb). Most frequently, as shown in
Table II, early occlusions of vein grafts were seen after
repair of the popliteal artery (seven of 57 popliteal artery re-
pairs; 12.3%). In the majority of cases, occlusions occurred
within 48 hours after repair in nine of 15 cases (60%) and
within 8 days in 13 of 15 patients (87%), respectively. As
shown in Table II, early graft failure after vein graft inter-
position in lower-limb arterial injuries occurred in three pa-
tients (of 31; 9.7%) after contralateral vein harvest and
seven patients (of 59; 11.9%) with use of an ipsilateral
vein. When looking at the 15 patients with graft failure,
four had completion angiography at the end of the proce-
dure, whereas 11 did not have completion angiography. In
general, all early graft occlusions were followed by graft re-
visions, which included replacement of grafts with new vein
interpositions (n ¼ 5), graft thrombectomy (n ¼ 5), adap-
tion of graft length (n ¼ 2), or graft thrombectomy plus
patch plasty of the distal anastomosis (n ¼ 2). In addition,
a 55-year-old patient underwent ligation of the vein graft
21 days after repair of an iatrogenously injured radial artery
(Table II). Occlusions were followed by amputation in six
cases (upper limb: one of ﬁve; lower limb: ﬁve of 10)
despite successful revision of the occluded grafts.
Long-term results. All patients who survived with
salvaged limbs (n ¼ 131) were invited for follow-up
studies. After a median follow-up period of 6.0 years
(range, 0.3-23.4), another six patients had died, none as a
consequence of extremity injury.
In the upper limb, 42 patients (62% of 68) were fol-
lowed: there was no late limb loss and no vascular re-
intervention. In a 52-year-old patient, an occluded vein
graft interposition used for repair of a brachial artery lesion
was detected more than 4 years after operation. Becausethe patient was asymptomatic and the occlusion was un-
clear of age, no revision was indicated. Long-term patency
after vein graft interposition in the upper limb was 97.6%.
In the lower limb, 59 patients (66% of 90) were fol-
lowed: there was one late limb loss in an 83-year-old
man caused by progressive peripheral arterial disease, which
led to above-knee amputation more than 3 years after
repair of a popliteal artery injury. In addition, a redo pro-
cedure was performed in a 47-year-old man who had
degradation and massive dilation of the graft more than
16 years after vein interposition for a popliteal artery injury.
A 77-year-old patient was diagnosed with an asymptomatic
occlusion of a vein graft used for repair of a popliteal artery
injury, and, because the patient was asymptomatic, no revi-
sion was indicated. Long-term patency after vein graft
interposition in the lower limb was 98.3%.
DISCUSSION
Open surgical management is the standard of care for
extremity vascular trauma, especially when major limb ar-
teries are affected. However, if life-threatening concomi-
tant injuries are present and/or the patient is unstable,
vascular repair may be contra-indicated and primary ampu-
tation should be considered in accordance with the princi-
ple “life before limb.”
The method of arterial repair (direct repair, end-to-end
anastomoses, patch plasty, or graft interposition) is primar-
ily dictated by the extent of the arterial injury and adjacent
soft tissue trauma. In the case of long segment arterial in-
juries, as frequently seen in blunt extremity injuries1-5 or
military injuries,6-9 interposition of vein or prosthetic grafts
represents the treatment of choice.
Advantages of autogenous vein grafts over pros-
thetic grafts. Autogenous vein grafts were ﬁrst used suc-
cessfully to repair arterial injuries during the Korean
War.12 In general, regarding graft selection, namely, use
of vein or prosthetic materials, there is concern regarding
JOURNAL OF VASCULAR SURGERY
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nated ﬁelds.13,14
In patients with contaminated combat vascular injuries
in Vietnam, Rich and Hughes reported poor results with
the use of prosthetic grafts: 77% of patients had graft failure
caused by infection and thrombosis, and the amputation
rate was as high as 31%.15 Later, Fox and coworkers
treated only ﬁve patients of 107 combat vascular injuries
with prosthetic grafts, and four failed as the result of graft
infection and/or graft thrombosis.8 Recently, in the series
of Vertrees and coworkers, 15% of the patients (14 of 95)
needed prosthetic grafts; however, after a mean follow-up
period of approximately 14 months, 10 grafts were
replaced and patency was 79%.6 However, military trauma
certainly differs from civilian injuries, and worse long-term
results with the use of polytetraﬂuoroethylene grafts may
be accepted to allow patient stabilization and transporta-
tion for later elective repair in war injuries.
In a series of civilian trauma in 188 patients with lower-
extremity vascular injuries, Martin and coworkers reported
equivalent patency rates when expanded polytetraﬂuoro-
ethylene and vein grafts were used to repair the iliac,
femoral, and superﬁcial femoral arteries.14 However, a sig-
niﬁcant difference in immediate patency was apparent
when the distal anastomosis was at or below the popliteal
artery. In such patients, failure was more common in pa-
tients with expanded polytetraﬂuoroethylene grafts.
In our institution, prosthetic grafts are used only when
autogenous vein was unavailable or when a large size
discrepancy between a vein graft and the native artery
would result, such as in subclavian artery injuries.
Use of autogenous vein grafts from the ipsilateral
vs the contralateral leg. In general, vein harvesting may
include veins from the ipsilateral or contralateral leg: in
the majority of cases, the great or small saphenous vein. In
our experience, contralateral saphenous veins should be
preferred if the ipsilateral deep vein is seriously damaged or
the superﬁcial vein is unsuitable. Ipsilateral vein harvesting
in the case of associated injuries of the deep extremity veins
may lead to potential worsening of postoperative swelling.
Others recommend general use of the contralateral saphe-
nous vein because there is low donor-site morbidity, and
ipsilateral veins are frequently injured or inadequate.13
Short-term performance of autogenous vein
grafts. Earlier, McCready and coworkers reviewed their
experience with autogenous grafts used for repair of 91 arte-
rial injuries of the extremities: In the majority of their pa-
tients, the saphenous vein was used (86 cases; 95%), and
arm vein including cephalic and basilica veins was harvested
in ﬁve patients (5%) with lesions of the brachial artery only.
In their experience, eight early graft failures occurred
(8.8%): four of them were located in the lower limb, and
all four patients required subsequent limb amputation,
whereas four graft failures located in the upper extremity
did not lead to limb loss.16 Concerning long-term
outcome after a mean follow-up period of 33.5 months,
McCready and coworkers analyzed 76 patients (84%): there
was only one late graft failure caused by an infected pseudo-aneurysm that developed 8 months after repair of an axillo-
subclavian arterial injury and was treated with arterial
ligation. All other repairs were patent (long-term patency
rate: 98.7%).16 Keen and colleagues analyzed 134 consec-
utive patients with limb arterial injuries, all of them treated
with autogenous vein grafts. In their series, only two early
graft thromboses occurred (1.5%), one of them was fol-
lowed by limb loss. All grafts were patent at late follow-up
examinations; however, long-term outcome analysis only
included 57% of all patients with follow-up exceeding
6 months and 31% of all patients with a follow-up period
exceeding 2 years.17 Dorweiler and coworkers published
their retrospective experience with 23 interposition vein
grafts used for arterial repair in 12 upper and 11 lower limbs:
In their series, four patients (17%) had early graft occlusions
within 30 days after surgery, and two of them were followed
by major amputations in the lower limb.18
In our series, the rate of early graft occlusion was 9.9%.
As in other series, it remains unclear whether the rate of
early graft occlusion was caused by poor graft quality, by
technical failures, by extensive soft-tissue injury leading to
compromised venous collateral ﬂow, or by insufﬁcient
anticoagulation.
When comparing graft performance, Martin and co-
workers reported that failure was more frequent in blunt
trauma injuries (eight of 23 patients; 35%) than in pene-
trating injuries (two of 165; 1.2%). Interestingly, in Mar-
tin’s series, all eight graft failures after blunt trauma
resulted in amputation.14
Long-term performance of autogenous vein grafts.
Data on long-term outcomes after arterial repair of limb
injuries are scarce. However, as stated earlier by Keen and
coworkers, long-term results may be extremely important
because trauma victims are frequently young, with antici-
pated longer life expectancy compared with other patient
groups undergoing arterial repair.17
As shown by Keen and coworkers, major problems
when analyzing late results of repairs in trauma victims
are patient location and mobilization of patients for
follow-up examinations. Exempliﬁed in their series, Keen
had only 57% of all patients examined at intervals greater
than 57% and only 31% after more than 2 years.17 In com-
parison, in our series, after a mean follow-up period of
6 years, we were able to study late results in 66% (lower
limb) and 68% (upper limb). It is noteworthy that our
follow-up period was signiﬁcantly longer, and our follow-
up rate was signiﬁcantly higher.
Earlier, Dorweiler and coworkers published their retro-
spective analysis of the long-term performance of 23 inter-
position vein grafts: After a mean follow-up period of
59 months, only 13 patients (57%) had duplex ultrasound
examinations for graft surveillance, showing no graft occlu-
sions and no anastomotic stenoses in their cohort.18
In our institution, follow-up visits were not scheduled
regularly, for example, annually for duplex ultrasound sur-
veillance of vein grafts after repair of arterial injuries. We
therefore were unable to allocate the time of occlusion in
single individuals, which precluded analysis of long-term
JOURNAL OF VASCULAR SURGERY
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alyses. It is noteworthy that our long-term data do chal-
lenge the need for a long-term surveillance program after
repair of arterial injuries, considering the fact that only
two of 101 patients (2%) were diagnosed with late occlu-
sions, both treated conservatively because of the absence
of symptoms, and only one patient was diagnosed with
late graft dilation requiring graft replacement more than
16 years after repair of a popliteal artery injury.
Study limitations. There are several limitations to our
study. First, our data were collected retrospectively from
patient charts. Documentation might have been incom-
plete, and some details in individual patients might have
been missing. For example, in a signiﬁcant number of pa-
tients, we were unable to calculate time to repair (ie,
time between injury and arterial reconstruction calculated
in hours) and grade/severity of ischemia (Rutherford
criteria) and/or soft-tissue damage, retrospectively. In
addition, we were unable to report on frequency and
severity of concomitant vein lesions in a signiﬁcant number
of individuals: If the vein was not mentioned in the oper-
ation notes, does it mean that the vein was unaffected,
patent, occluded, or simply “not bleeding”? However, all
these parameters are essential factors contributing to the
risk of limb loss. Second, we included all patients who
underwent vein graft interposition for limb arterial injuries
in our institution since 1990. Therefore, our analysis of this
cohort includes a variety of injury locations with different
trauma mechanisms and associated injuries. However, re-
sults after vein graft interpostition for different injuries may
vary, depending on location and concomitant lesions. As a
consequence, our outcome analysis is presumably inﬂu-
enced by this case mix. Third, the overall number of pa-
tients did not allow for calculation of speciﬁc subgroups,
such as patients presenting with and without limb ischemia
and/or associated injuries. Fourth, we cannot exclude se-
lection bias for follow-up data because patient follow-up
was incomplete. Incomplete long-term follow-up may be
explained by inclusion of patients over a time period of
more than two decades and patient mobility as well as the
absence of a protocol justifying routine follow-up studies of
patients after vascular trauma. Fifth, our follow-up visit did
not include an assessment of the patency of repaired and
unrepaired limb veins. Therefore, we were unable to
compare outcomes in patients with an open vs an occluded
deep-vein system. All listed limitations are also inherent to
many other publications dealing with outcome after
(vascular) trauma.
CONCLUSIONS
Emergency repair of artery injuries with the use of vein
grafts is associated with considerable risk of early occlusion
and limb loss. Early graft occlusion is frequently followed
by limb loss, especially in the lower limb. When compared
with the upper extremity, limb loss rate is signiﬁcantly
higher in the lower extremity. During long-term follow-
up, occlusions of interposed vein grafts, vascular re-
interventions, and late amputations are uncommon.AUTHOR CONTRIBUTIONS
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